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PROCESS FOR MAKING INTEGRATED 
CIRCUIT STRUCTURE WITH THIN 

DIELECTRIC BETWEEN AT LEAST LOCAL 
INTERCONNECT LEVEL AND FIRST 
METAL INTERCONNECT LEVEL 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a division of US. patent application 
Ser. No. 09/081,403; ?led May 18, 1998 now US. Pat. No. 
6,239,491. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to integrated circuit structures hav 

ing local interconnects. More particularly, this invention 
relates to an integrated circuit structure Wherein a local 
interconnect level is separated from both the underlying 
substrate and the overlying ?rst metal interconnect level in 
a manner Which permits both the local interconnect level and 
the ?rst metal interconnect level to bridge over underlying 
electrically conductive regions Without any undue increase 
in either the capacitance of the structure or the resistance 
paths through contact openings/vias extending from the 
substrate to the ?rst metal interconnect layer. 

2. Description of the Related Art 
Conventionally an integrated circuit structure may be 

constructed With local interconnects as shoWn in typical 
prior art FIG. 1. Typically, such local interconnects are 
formed in betWeen raised portions of the integrated circuit 
devices, such as in betWeen gate electrodes. Such local 
interconnects may be formed using the same conductive 
material as the ?ller material, e.g., tungsten, used to ?ll the 
contact openings Which provide electrical connection to 
other portions of the integrated circuit device such as the 
source/drain regions. The local interconnects may also be 
formed using the same material used in forming the gate 
electrode, e.g., doped polysilicon. In either case, the material 
used for the local interconnect characteristically does not 
possess the same loW resistance as the metal used for 
conventional metal interconnect layers, e.g., aluminum, but 
is more easily planariZed by polishing techniques 
(particularly When tungsten is used as the local interconnect 
material). Since such local interconnects are conventionally 
formed at or about the same level as the gate electrode, they 
permit some loW level electrical connections to be made 
betWeen adjacent conductive areas at a level loWer than the 
?rst metal interconnect level. HoWever, since they are typi 
cally constructed at the same level as the gate electrodes and 
have no insulation beloW separating them from the under 
lying substrate, their use is limited to the interconnecting of 
adjacent conductive regions (they cannot bridge over con 
ductive regions) and hence they are referred to as “local 
interconnects”. 

FIG. 1 shoWs a typical prior art integrated circuit structure 
With a local interconnect formed thereon. In the structure 
illustrated in FIG. 1, a semiconductor substrate 2 may be 
provided, by Way of example, With several MOS transistors 
constructed thereon Which are electrically isolated from one 
another by ?eld oxide 6a, and from other devices in sub 
strate 2 by ?eld oxide 6b and 6c. The MOS devices respec 
tively comprise source/drain regions 10 and 12 With a gate 
electrode 14 therebetWeen; and source/drain regions 20 and 
22 With a gate electrode 24 therebetWeen. A ?rst dielectric 
layer 30, formed of a dielectric material such as silicon oxide 
(SiO2) and having a thickness of from about 3500 A to about 
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2 
5000 A (after planariZation), is deposited over this structure 
and then planariZed back to about the level of gate electrodes 
14 and 24, e.g., by an etch step or a chemical mechanical 
polishing process. 

Filled contact openings 32 and 34 are then respectively 
formed through dielectric layer 30 doWn to underlying 
source/drain regions 10 and. 22 and then ?lled With a metal 
such as tungsten. At the same time, a portion of dielectric 
layer 30 is etched doWn to the level of source/drain regions 
12 and 20 and ?eld oxide 6b, and then ?lled With tungsten, 
to form ?lled opening 36 Which comprises a local intercon 
nect to electrically connect source/drain region 12 With 
source/drain region 20. Thus, When contact openings 32 and 
34 are ?lled With a conductive material 44, such as tungsten 
metal, opening 36 is also ?lled at the same time With the 
same conductive material, thereby forming local intercon 
nect 36 to electrically interconnect adjacent source/drain 
regions 12 and 20 together. 

After formation of the ?rst level of ?lled contact 
openings/vias and the local interconnects, a second dielec 
tric layer 50 (Which may also comprise SiOQD and Which may 
also have a thickness of from about 3500 A to about 5000 
A) is formed over the structure. A?lled via 52 is then formed 
through dielectric layer 50 to and in registry With underlying 
?lled contact opening 32 to provide electrical contact to 
source/drain region 10; a ?lled via 54 is formed through 
layer 50 to and in registry With gate electrode 14; a ?lled via 
56 is formed through layer 50 to and in registry With gate 
electrode 24, and a ?lled via 58 is formed through layer 50 
to and in registry With ?lled contact opening 34 to provide 
electrical contact to source/drain region 22. Filled vias 52, 
54, 56, and 58 are also typically ?lled With tungsten. A ?rst 
layer 60 of metal interconnects, illustrated as 60a—60c and 
typically comprising a metal more highly conductive than 
tungsten such as aluminum or copper, is then formed over 
dielectric layer 50 to provide respective electrical contact to 
?lled vias 52, 54, 56, and 58 and to provide interconnections 
betWeen these regions and other regions (not shoWn) on the 
integrated circuit structure. 

In this prior art construction it Will be readily apparent that 
?rst metal interconnect layer 60 can bridge over other 
underlying conductive regions, e.g., over local interconnect 
36, because of the presence of underlying dielectric layer 50. 
HoWever, it Will be equally apparent from examination of 
FIG. 1, that While underlying local interconnect 36 does 
permit electrical interconnection betWeen adjacent elec 
trodes or conductive regions beloW the level of ?rst metal 
interconnect layer 60, this electrical connection is called a 
“local interconnect” because only adjacent (or “local”) con 
ductive regions (diffusion regions) may be electrically con 
nected together in this manner. This is because local inter 
connect 36 is formed directly over the surface of substrate 2, 
i,e, it does not have an underlying dielectric layer unlike ?rst 
metal interconnect layer 60. This, of course, limits the 
usefulness of local interconnects. 

HoWever, despite the draWbacks of local interconnects, 
they do have useful functions, even though someWhat lim 
ited compared to conventional metal interconnect layers. For 
example, even When the tungsten material comprising the 
local interconnect is not deposited over substrate 2 in the 
same step used to ?ll contact openings, the contact openings 
and local interconnect openings may be cut through the 
dielectric layer at the same time. There are other advantages 
to forming such a local interconnect at the same level as the 
contact opening and using the same material as used to ?ll 
the contact opening. 

For example, it Will be noted that the sum of the heights 
of ?lled contact opening 32 and ?lled via 52 from source/ 
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drain region 10 to ?rst metal interconnect layer 60 (the 
combined thickness of dielectric layers 30 and 50) is 
approximately the same as it Would have been had local 
interconnect 36 not been formed in the structure. That is, the 
construction of local interconnect 36 in dielectric layer 30 
did not lengthen the resistive path through the tungsten ?ller 
material from source/drain region 10 to metal interconnect 
layer 60. Thus, Where the use of local interconnects can 
sometimes eliminate the need for one layer of metal 
interconnects, the total resistive path through the ?lled 
tungsten contact openings/vias in the overall integrated 
circuit structure may, as a result, be shortened, thus loWering 
the total resistance in the structure and increasing its speed. 

HoWever, it Would be even more advantageous if one 
could utiliZe local interconnects Without limiting their use to 
only strapping or interconnecting adjacent conductive 
regions, i.e., if the local interconnect could bridge over 
conductive regions or other interconnects. An alternative 
construction, illustrated in FIG. 2, alters the construction of 
the local interconnect to permit it to bridge or cross over 
underlying conductive regions. 

In FIG. 2, Where like structures are shoWn With like 
numerals, dielectric layer 30‘ (Which may also comprise 
SiO2) is formed over the underlying MOS structures and 
then planariZed back to a thickness Which may be the same 
as the height of gate electrodes 14 and 24, e.g., from about 
3500 A to about 5000 A, but preferably to a thickness 
slightly (about 500 A to about 1000 in excess of the 
height of gate electrodes 14 and 24 for a reason Which Will 
be explained beloW. 

Similarly to the structure of FIG. 1, ?lled contact opening 
32‘ is formed through dielectric layer 30‘ to underlying 
source/drain region 10 in substrate 2 and ?lled contact 
opening 34‘ is formed through dielectric layer 30‘ to source/ 
drain region 22 in substrate 2. HoWever, unlike the structure 
shoWn in FIG. 1, a ?lled contact opening 132 is formed 
through dielectric layer 30‘ to source/drain region 12 in 
substrate 2; and ?lled contact openings 134 and 136 are 
respectively formed through dielectric layer 30‘ to gate 
electrode 14 and gate electrode 24. In each case, the ?lled 
contact openings may be ?lled With tungsten, as in the 
previous embodiment described for FIG. 1. 

After formation of ?lled contact openings 32‘, 34‘, 132, 
134, and 136 in dielectric layer 30‘, further dielectric layer 
50‘ (Which may also comprise SiO2 and Which may have the 
same thickness range as layer 50) is formed over dielectric 
layer 30‘ and the ?lled contact openings herein. A ?lled via 
52‘ is formed in dielectric layer 50‘ extending doWn to (and 
in registry With) underlying ?lled contact opening 32‘, a 
?lled via 54‘ is formed in dielectric layer 50‘ doWn to (and 
in registry With) underlying ?lled contact opening 134 over 
gate electrode 14, and a ?lled via 58‘ is formed in dielectric 
layer 50‘ doWn to (and in registry With) underlying ?lled 
contact opening 34‘. 

HoWever, in this embodiment, a local interconnect 156 is 
formed in second dielectric layer 50‘ over (and in registry 
With) underlying ?lled contact opening 132 and ?lled con 
tact opening 136, thereby connecting together source/drain 
region 12 and gate electrode 24. Furthermore, unlike the 
previous embodiment of FIG. 1, local interconnect 156 in 
FIG. 2 is shoWn bridging source/drain region 20 (electrical 
contact can be made to source/drain region 20 at another 
non-illustrated point in the structure along an axis perpen 
dicular to the plane of the ?gure). Thus, this embodiment 
noW permits the ?exibility of use of the local interconnect 
Which is lacking in the structure of FIG. 1. Furthermore, 
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4 
When the thickness of ?rst dielectric layer 30‘ exceeds the 
height of gate electrodes 14 and 24, local interconnect 156 
can even bridge such raised gate electrodes. 

Nevertheless, there is a draWback With the use of the FIG. 
2 structure Which, at least in part, negates the advantages of 
the FIG. 2 structure over the FIG. 1 structure. This disad 
vantage is illustrated in FIG. 2 by the formation of the ?rst 
metal interconnect layer 60‘ directly over second dielectric 
layer 50‘ as shoWn. Thus, illustrated individual metal inter 
connects 60a‘—60d‘ are formed directly above second dielec 
tric layer 50‘. This puts the undersurface of ?rst metal 
interconnect 60b‘, for example, directly in contact With the 
upper surface of local interconnect 156. Those skilled in the 
art Will readily appreciate that the draWback in FIG. 1 of 
placing local interconnect 36 directly above substrate 2 (so: 
that conductive regions in substrate 2 cannot be bridged by 
the local interconnects) has noW simply been transferred to 
the interface betWeen the local interconnect layer and the 
?rst metal interconnect layer. That is, noW the ?rst layer of 
metal interconnects cannot bridge over the local intercon 
nects. This is actually a more serious problem than the 
problem encountered in the structure of FIG. 1, since the 
?rst. metal interconnect layer is conventionally a more 
croWded layer With many more interconnects than at the 
local interconnect level, and the inability of the ?rst metal 
interconnect level to cross over underlying local intercon 
nects is a disability Which cannot and Will not be tolerated 
by design (layout) engineers. 

While it might seem to be obvious to simply add another 
dielectric layer to the FIG. 2 structure, betWeen the local 
interconnect layer and the ?rst metal interconnect layer, to 
solve the bridging problem, this, too, cannot be tolerated 
because the presence of another dielectric layer betWeen the 
?rst metal interconnect and the substrate results in the need 
to provide another layer of tungsten-?lled vias through this 
third dielectric layer, thus adding to the cost and complexity 
of the structure as Well as, increasing the defect density. 

Thus, it remains a desire and goal to provide an integrated 
circuit structure With local interconnects and a ?rst metal 
interconnect layer Wherein both the local interconnect layer 
and the ?rst metal interconnect layer may be capable of 
bridging over underlying conductive region in the integrated 
circuit structure Without, hoWever, substantial addition to 
either the resistance or the capacitance of the structure. 

SUMMARY OF THE INVENTION 

Quite surprisingly, We have discovered that an integrated 
circuit structure may be provided With a local interconnect 
layer and a ?rst metal interconnect layer Which are both 
capable of bridging over underlying conductive regions. The 
structure comprises a ?rst dielectric layer formed over the 
structure to a height or thickness equal to or preferably 
exceeding the height of the highest conductive regions of the 
underlying integrated circuit devices; a second dielectric 
layer formed above the ?rst dielectric layer; one or more 
local interconnects formed in the second dielectric layer; a 
thin third dielectric layer formed over the second dielectric 
layer and the local interconnects therein, Wherein the third 
dielectric layer has a thickness not exceeding about 2000 A, 
and preferably ranging from about 1000 A to about 1500 A; 
and a ?rst layer of metal interconnects formed over the thin 
third dielectric layer. Conventionally formed ?lled contact 
openings extend from the substrate through the ?rst dielec 
tric layer to either ?lled vias or a local interconnect in the 
second dielectric layer. The metal interconnects are electri 
cally connected to either ?lled vias or one or more local 
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interconnects in the second dielectric layer by ?lled shallow 
vias in the thin third dielectric layer. The shallow vias in the 
thin third dielectric layer are preferably ?lled With the same 
metals used to form the ?rst layer of metal interconnects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary vertical cross-sectional vieW of a 
prior art integrated circuit structure shoWing conventional 
local interconnects formed over a semiconductor substrate 
and in contact With portions of the substrate, and a layer of 
metal interconnects formed over the local interconnects and 
separated therefrom by a dielectric layer through Which 
?lled vias or contact openings are formed. 

FIG. 2 is a fragmentary vertical cross-sectional vieW of 
another integrated circuit structure shoWing local intercon 
nects formed over a ?rst dielectric layer formed over the 
semiconductor substrate, With a layer of metal interconnects 
then formed directly over the local interconnect layer. 

FIG. 3 is a fragmentary vertical cross-sectional vieW of 
the integrated circuit structure of the invention shoWing 
local interconnects formed over a ?rst dielectric layer 
formed over the semiconductor substrate, With a thin dielec 
tric layer formed over the local interconnects to separate 
them from a layer of metal interconnects formed over the 
thin dielectric layer. 

FIG. 4 is a fragmentary top vieW of the structure of FIG. 
3. 

FIG. 5 is a fragmentary vertical cross-sectional vieW of 
the integrated circuit structure of the invention similar to 
FIG. 3 shoWing local interconnects formed over a ?rst 
dielectric layer formed over the semiconductor substrate, 
With one of the local interconnects bridging over an under 
lying conductive region. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention comprises an integrated circuit structure 
provided With a local interconnect layer and a ?rst metal 
interconnect layer Which are both capable of bridging over 
underlying conductive regions. The structure comprises a 
?rst dielectric layer formed over the underlying integrated 
circuit structure to a height or thickness preferably eXceed 
ing the height of the highest conductive regions of the 
underlying integrated circuit devices, Which usually Will be 
the gate electrode; a second dielectric layer formed above 
the ?rst dielectric layer; one or more local interconnects 
formed in the second dielectric layer; a thin third dielectric 
layer formed over the second dielectric layer and the local 
interconnects therein, Wherein the third dielectric layer has 
a thickness not exceeding about 2000 A0, and preferably 
ranging from about 1000 A to about 1500 A; and a ?rst layer 
of metal interconnects formed over the thin third dielectric 
layer. Conventionally formed ?lled contact openings eXtend 
from the substrate through the ?rst dielectric layer to either 
?lled vias or a local interconnect in the second dielectric 
layer. The metal interconnects are electrically connected to 
either ?lled vias or one or more local interconnects in the 
second dielectric layer by ?lled shalloW vias in the third 
dielectric layer. The shalloW vias in the thin third dielectric 
layer are preferably ?lled With the same materials and 
desirably at the same time as that used to form the ?rst layer 
of metal interconnects. 

Since the local interconnect in the preferred embodiment 
of the invention is not located at the same level as the gate 
electrode, for purposes of this invention the term “local 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
interconnect” is intended to mean the ?rst patterned layer of 
interconnects formed above the substrate and formed from a 
conductive material having a higher resistance than the 
higher levels of patterned metal interconnect layers. 
By use of the term “thin dielectric” herein is meant a 

dielectric material not exceeding about 2000 A in thickness 
and preferably having a thickness ranging from about 1000 
A to about 1500 A, although even thinner dielectric layers 
may be used in some instances. This is in contrast to the 
conventional dielectric layer betWeen local interconnects 
and metal interconnects (or betWeen layers of metal 
interconnects) having a thickness usually ranging from 
about 7000 A to about 10,000 A. 
What is surprising about the invention is the discovery 

that a thin dielectric layer could be used to separate the local 
interconnect layer from the ?rst metal interconnect layer 
Without unduly increasing the overall capacitance of the 
structure, and Without unduly increasing the resistance path 
from portions of the underlying integrated circuit devices to 
the metal interconnects. 

First of all, With respect to the resistance, the use of a thin 
dielectric layer betWeen the local interconnect layer and the 
?rst metal interconnect layer means that the height or 
thickness of a via through this thin dielectric layer does not 
unduly increase the resistance because of the short addi 
tional path of the via through the thin dielectric layer. 
HoWever, What Was further surprising about this Was that by 
shortening the height of the via (Without changing the 
diameter), the aspect ratio of the via Was loWered, thus 
making it possible to eliminate the use of the high resistance 
tungsten metal ?ller (Which is normally used to ?ll vias With 
high aspect ratios because of the superior via-?lling ability 
of tungsten). Instead, the shalloW vias can be ?lled at the 
same time (and With the same loW resistance material) as the 
blanket deposition of the metal layer over the thin dielectric 
layer, e.g., the aluminum or copper layer Which Will be 
patterned to form the metal interconnects. Since the shalloW 
(loW aspect ratio) via can be ?lled With the same loW 
resistance metal used to form the metal interconnects, and 
since the via height is very short (1000 A to 2000 A 
compared to 7000 A to 10,000 A), the resistance added to 
the circuit by the presence of the thin dielectric of the 
invention is negligible. 

Secondly, and perhaps even more surprising because of its 
subtlety, is the negligible effect of the thin dielectric of the 
invention on the overall capacitance of the integrated circuit 
structure. In previous integrated circuit structures Where the 
aspect ratio (height/Width) of contact openings and vias Was 
at 2:1 or less, the Width of the interconnects or lines Was 
suf?ciently large so that the vertical capacitance, i.e., the 
capacitance through the thickness of the dielectric layer 
from one level of interconnect to the neXt level, contributed 
most of the capacitance of the circuit, thus resulting in the 
need and use of thick dielectric layers. HoWever, as the 
aspect ratios increased and the line Widths decreased the 
vertical component of the capacitance decreased. At the 
same time, the horiZontal spacing betWeen vias and betWeen 
lines (as Well as betWeen vias and lines) shrank suf?ciently 
so that the horiZontal capacitance betWeen adjacent conduc 
tive surfaces, such as betWeen adjacent lines, has increased, 
thereby becoming a major contributor to the overall capaci 
tance of the circuitry. The thickness of the dielectric layers, 
hoWever, has not changed, despite such changes in aspect 
ratios and lineWidths, because at higher metal interconnect 
layer levels, the length of the lines, and the number of 
crossings of lines, is such that vertical capacitance still is a 
major contributor to capacitance. 
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Thus, it Was surprisingly realized that at least the ?rst 
dielectric layer separating the local interconnect layer and 
the ?rst metal interconnect layer could be made considerably 
thinner Without unduly increasing the overall capacitance of 
the circuitry, because of the greater contribution of the 
horiZontal capacitance to the overall capacitance of the 
circuitry (at least at such local interconnect/?rst metal inter 
connect levels). 

It should be noted that While the invention is principally 
directed to the local interconnect and ?rst metal interconnect 
levels, and the separation of these tWo levels by a special 
thin dielectric layer, there may be some instances Where the 
provision of such a thin dielectric layer betWeen the ?rst and 
second metal interconnect layers may also be appropriate, 
depending upon the density of the interconnects and the 
number of crossovers betWeen such levels Which could, if 
too high, add an unacceptable amount of capacitance to the 
integrated circuit structure if such a thin dielectric layer Was 
used. Thus, under appropriate circumstances Where the 
additional vertical capacitance Will be insigni?cant, it is 
Within the scope of the invention to also utiliZe the thin 
dielectric layer of the invention betWeen the ?rst and second 
levels of metal interconnects. 

In any event, the utility of the invention is particularly 
directed toWard the loWest levels of interconnects such as 
the local interconnect and ?rst metal interconnect levels (and 
possibly betWeen the ?rst and second metal interconnect 
levels), Where the length of the lines is short, to thereby 
minimize added vertical capacitance. By “short”, With 
respect to line and interconnect length, is meant not more 
than about 50 microns in length, preferably not more than 
about 20 microns, more preferably about 10 microns, and 
most preferably not more than about 5 microns in length. 

Turning noW to FIGS. 3 and 4, the structure and process 
of the invention is illustrated. As in the prior art structure 
illustrated in FIG. 1, a semiconductor substrate 2 may be 
provided, by Way of example, With several MOS transistors 
constructed thereon Which are electrically isolated from one 
another by ?eld oxide 6a, and from other devices in sub 
strate 2 by ?eld oxide 6b and 6c. The illustrated MOS 
devices respectively comprise source/drain regions 10 and 
12 With a gate electrode 14 therebetWeen; and source/drain. 
regions 20 and 22 With a gate electrode 24 therebetWeen. 

In accordance With the invention, a ?rst dielectric layer 
130, formed of a dielectric material such as silicon oxide 
(SiOZ), is deposited over this structure and then planariZed 
back, by an etch step or a chemical mechanical polishing 
process, to a level Which is preferable slightly higher that 
gate electrodes 14 and 24 (Which range in height from about 
3500 A to about 5000 By slightly higher is meant from 
about 500 A to about 1000 A higher than the top of gate 
electrodes 14 and 24. Contact openings 132, 134, 136, 138, 
140, and 142 are then cut through dielectric layer and ?lled 
With a conductive metal such as tungsten capable of ?lling 
a contact opening having a diameter of, for example, 
approximately 0.25 micrometers 

The surface of the structure may be again planariZed at 
this time, for example, by chemical mechanical polishing 
(CMP), to remove any of the contact opening ?ller material 
from the surface of dielectric layer 130. A second dielectric 
layer 150 is then formed over dielectric layer 130 to a 
thickness Which, When added to the thickness of dielectric 
layer 130, Will equal a total thickness of both dielectric 
layers of from about 7000 A to about 10,000 

Openings are then cut through dielectric layer 150 for the 
formation of vias to the previously described underlying 
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8 
?lled contact openings, as Well as for formation of local 
interconnects. The ?lled vias, such as illustrated ?lled vias 
152, 154, 157, and 158, and the local interconnects, such as 
illustrated local interconnect 160, are then formed by ?lling 
the openings With a conductive material (such as tungsten) 
capable of ?lling vias having a diameter of, for example, 
approximately 0.25 pm. The structure may then be subject to 
a further planariZation, such as a dry etch step or a chemical 
mechanical polishing step to remove the ?ller material form 
the surface of dielectric material 150. 

In accordance With the invention, a third dielectric layer 
170, comprising a thin dielectric layer, is formed over 
dielectric layer 150 after the formation of the ?lled vias, e. g., 
?lled vias 152—158, and the local interconnects, e.g., local 
interconnect 160. Thin third dielectric layer 170 is formed 
over dielectric layer 150 to a thickness not exceeding about 
2000 A, and preferably ranging from about 1000 A to about 
1500 A, although in some instances, dielectric layer 170 
may be as thin as 500 This dielectric layer may again 
comprise silicon oxide (SiOZ). Alternatively, thin dielectric 
layer 170 may comprise a material having an even loWer 
dielectric constant than silicon oxide (i.e., loWer than 3.8) to 
further reduce any capacitance added to the integrated 
circuit structure by the presence of third dielectric layer 170. 
Examples of such dielectric materials having dielectric 
constants less than 3.5 include ?uorinated perylene, ?uori 
nated SiO2, and hydrogen silsesquioxane. LoWer dielectric 
constant materials for use in the formation of thin dielectric 
layer 170 can also be formed from modi?ed silicon oxide, as 
described and claimed in US. Pat. Nos. 5,393,712, 5,470, 
801, and 5,598,026, all assigned to the assignee of this 
invention. 

After formation of thin dielectric layer 170, vias are cut 
through layer 170 to the previously described underlying 
?lled vias and local interconnects as desired. Thus, as 
illustrated in FIG. 3, vias 172, 173, 174 and 176, 177, 178 
are cut through dielectric layer 170 to respectively connect 
With underlying ?lled vias 152 and 154, local interconnect 
160, and ?lled vias 157 and 158. 

It should be pointed out that the diameters of vias 172, 
173, 174 and 176, 177, 178 are preferably the same as that 
of previously formed vias 152 et al., i.e., about 0.25 pm. In 
vieW of the relative difference in thickness betWeen dielec 
tric layer 170 and underlying dielectric layer 150, forming 
vias through layer 170 With the same diameter as the vias 
through layer 150 results in the formation of vias in layer 
170 of much smaller aspect ratios (height/Width) than the 
vias previously formed in layer 150. As a result of this, it has 
been found that, at least in some instances, the need for a 
separate step to ?ll the shalloW vias formed in thin dielectric 
layer 170 With special ?ller material, e.g., tungsten, can be 
eliminated. That is, the shalloW loW aspect ratio vias cut 
through dielectric layer 170 may be ?lled during the sub 
sequent blanket deposit of a patternable metal, such as 
aluminum, over dielectric layer 170 for the formation of the 
?rst metal interconnect layer. 

It should also be noted that an added bonus of the practice 
of the invention is that the photoresist etch mask used to 
form the shalloW vias through thin insulation layer 170 need 
not be a thick photoresist layer, since the via-etching step is 
very short (due to the thinness of dielectric layer 170) and 
therefore less of the photoresist mask Will be eroded. The use 
of a thinner photoresist mask, in turn, Will increase the 
resolution and accuracy of pattern siZe and generally 
improve the masking process. 
The ?lling of vias 172, 173, 174 and 176, 177, 178 With 

the same metal used to form the ?rst layer of metal inter 
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connects is advantageous from the standpoint of the lower 
resistance of metal interconnect material, such as aluminum 
(or copper), compared to conventional via ?ller materials, 
such as tungsten (Which are selected for their via-?lling 
capabilities, not their loW resistance). This feature, coupled 
With the shortened length (height) of the vias (due to the 
thinness of dielectric layer 170), results in a minimiZing of 
the resistance added to the integrated circuit structure by the 
addition of thin dielectric layer 170. 

Still referring to FIG. 3, a blanket layer of a patternable 
metal, such as aluminum, is deposited over dielectric layer 
170 and into (and ?lling) vias 172, 173, 174 and 176, 177, 
178, in preparation for the formation of metal interconnects 
180a—180f. After deposition of the blanket layer of metal, 
such as aluminum, and the ?lling of the vias in dielectric 
layer 170, the metal layer is patterned, as shoWn in FIGS. 3 
and 4, using a suitable photoresist mask and an anisotropic 
etch system, such as a chlorine plasma etch for aluminum. 
It should be observed here that While the anisotropic etch 
Will normally be designed to stop at dielectric layer 170, 
overetching into layer 170, or even entirely through layer 
170 to underlying dielectric layer 150, is harmless, since a 
further dielectric layer Will be deposited over and in betWeen 
metal interconnects 180a—180f (arid over any exposed sur 
faces of dielectric layers 150 and 170 in betWeen the metal 
interconnects) after the formation of the metal interconnects. 

Turning noW to FIG. 5, local interconnect 160 of FIG. 3 
has been replaced by local interconnect 160a Which is 
electrically connected to source/drain 12 through ?lled con 
tact opening 136 and to gate electrode 24 through ?lled 
contact opening 140. In accordance With the invention, local 
interconnect 160a is shoWn bridging over source/drain 20. 
Local interconnect 160a is shoWn connected to metal inter 
connect 180b by ?lled via 174 and to metal interconnect 
180g by ?lled via 176. 

It Will be noted in FIG. 3 that the ?lled vias formed in 
layer 150 and the local interconnects are in registry and in 
contact With the respective underlying ?lled contact open 
ings to thereby complete the respective electrical paths, for 
example, from source/drain region 10 to metal interconnect 
180a through ?lled contact opening 132, ?lled via 152, and 
?lled via 172. 

Alternatively, if copper is used to form metal intercon 
nects 180a—180f, a thin layer of copper may be ?rst depos 
ited over dielectric layer 170 to ?ll vias 172, 173, 174 and 
176, 177, 178 With copper, folloWed by a chemical mechani 
cal polishing step to remove any copper from the surface of 
layer 170. A fourth dielectric layer may then be deposited 
over layer 170 and etched to form trenches through the entire 
thickness of the fourth dielectric layer, the trenches corre 
sponding to the desired pattern of metal interconnects, 
thereby exposing the copper-?lled vias. A layer of copper is 
then deposited over the fourth dielectric layer and in the 
trenches, thereby making contact With the copper-?lled vias. 
The structure is then subject to a further chemical mechani 
cal polishing to remove all copper on the surface of the 
fourth dielectric layer, leaving the desired pattern of copper 
interconnects in the trenches. 

Regardless of Whether copper or aluminum (or any other 
metal of equivalent loW resistance) is used to form the metal 
interconnects, the result is an integrated circuit structure 
having a local interconnect level capable of bridging con 
ductive regions in the substrate, and a ?rst metal intercon 
nect level separated from the local interconnect level by a 
thin dielectric layer. The thin dielectric layer, having a 
thickness not exceeding about 2000 A, and preferably hav 
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10 
ing a thickness range of from about 1000 A to about 1500 
A, does not add signi?cant resistance or capacitance to the 
circuit. 

The added resistance is minimal because of the reduced 
path length of the additional via through the thin dielectric 
layer and the reduced aspect ratio of the vias through the thin 
dielectric layer Which makes possible the ?lling of the vias 
in the thin dielectric layer With the same loW resistance metal 
used to form the metal interconnect level. 

The added capacitance is minimal because of the loW 
density of crossover lines betWeen the local interconnect/ 
?rst metal interconnect levels and the close horiZontal 
spacing betWeen adjacent vias and/or adjacent lines Which 
provides the majority of the capacitance as horiZontal 
components, and reduces the signi?cance of vertical capaci 
tance components. 

Having thus described the invention What is claimed is: 
1. In a process for forming an integrated circuit structure 

on a semiconductor substrate With a local interconnect layer 
separated from said substrate by a ?rst dielectric layer; and 
a ?rst metal interconnect layer over said semiconductor 
substrate, said ?rst metal interconnect layer separated from 
said local interconnect layer only by a thin dielectric layer, 
the improvement Which comprises: 

a. forming, betWeen said local interconnect layer and said 
substrate, a ?rst dielectric layer; and 

b. forming over said local interconnect layer said thin 
dielectric layer having a thickness not exceeding about 
2000 A and a dielectric constant of less than 3.8 to 
separate said local interconnect layer from said ?rst 
metal interconnect layer; 

Whereby at least one ?rst conductive region on said substrate 
is bridged by a local interconnect used to electrically con 
nect second conductive regions in said substrate. 

2. The process for forming an integrated circuit structure 
of claim 1 Wherein said step of forming a thin dielectric layer 
further comprises forming a dielectric layer having a thick 
ness ranging from about 1000 A to about 2000 

3. The process for forming an integrated circuit structure 
of claim 1 Wherein said step of forming a thin dielectric layer 
further comprises forming a dielectric layer having a thick 
ness ranging from about 1000 A to about 1500 

4. The process for forming an integrated circuit structure 
of claim 1 including the further steps of forming shalloW 
vias in said thin dielectric layer, and ?lling said shalloW vias 
With the same metal used to form said ?rst metal intercon 
nect layer. 

5. A process for forming an integrated circuit structure 
comprising: 

a) providing a semiconductor substrate having tWo or 
more integrated circuit devices constructed on and in 
said substrate; 

b) forming a ?rst dielectric layer over said substrate and 
said integrated circuit devices; 

c) forming ?lled contact openings in said ?rst dielectric 
layer extending doWn through said ?rst dielectric layer 
to said integrated circuit devices; 

d) forming a second dielectric layer over said ?rst dielec 
tric layer; 

e) forming ?lled vias and one or more local interconnects 
in said second dielectric layer extending doWn to said 
?lled contact openings; 
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f) forming a thin dielectric layer having a thickness rang 
from about 500 Angstrorns to about 2000 Angstrorns, 
said thin dielectric layer formed: 
i) directly over and in contact With said second dielec 

tric layer, 
ii) over said ?lled vias, and 
iii) over said one or more local interconnects in said 

second dielectric layer; 
g) forrning shalloW ?lled vias in said thin dielectric layer; 

and 

12 
h) forming a patterned rnetal interconnect layer over and 

in contact With said thin dielectric layer and in contact 
With said ?lled shalloW vias in said thin dielectric layer. 

6. The process for forming an integrated circuit structure 

of claim 5 further comprising the step of ?lling said shalloW 
vias in said thin dielectric layer With the same rnetal used to 

form said patterned rnetal interconnect layer. 


